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SUMMARY 


This  report  documents  a  mockup  cockpit  design  study  which  was 
the  first  phase  of  a  two-phase  effort  currently  being  performed  in 
support  of  the  USAF  KC-135  Avionics  Modernization  Program.  The 
report  is  presented  in  three  volumes:  Volume  I  describes  the 
experimental  design  and  summary  of  results;  Volume  II  presents  the 
study  data;  and  Volume  III  details  the  mission  scenario. 

To  address  the  cockpit  design  issues  relating  to  eliminating 
the  navigator  from  the  KC-135  tanker  aircraft,  a  full  scale  mockup 
was  designed  and  was  "flown"  by  operational  aircrews  over  a  repre¬ 
sentative  mission  profile.  The  results  of  the  study  are  presented 
in  this  paper.  To  develop  the  experimental  design  around  answer¬ 
ing  the  question  of  how  to  eliminate  the  navigator  position  from 
the  aircraft,  a  mission  analysis  and  composite  mission  scenario 
were  constructed,  and  three  candidate  suites  of  available  control/ 
display  avionics  were  identified  and  arranged  in  the  full-size 
representative  KC-135  cockpit  mockup.  Nine  fully  qualified 
Strategic  Air  Command  tanker  (KC-135)  aircrews,  consisting  of  two 
pilots  and  a  boom  operator,  "flew"  the  composite  mission  scenario 
and  the  three  candidate  avionics  suites.  Thev  thereby  provided  a 
subiective  data  base  that  formulates  the  results  and  conclusions 
of  the  present  study. 

The  primary  issues  addressed  during  this  study  were  the  avi¬ 
onics  control  and  display  criteria  to  be  met  in  the  event  of  the 
reduction  of  the  crew  complement  for  the  KC-135.  The  resultant 
data  of  the  experiment  suggested  that  subject  crews  were  strongly 
supportive  of  a  reduced  crew  complement  only  if  certain  present 
and  useful  KC-135  avionics  hardware  is  relocated  while  other  hard¬ 
ware  that  has  become  unacceptably  outdated  or  has  outlived  its 
usefulness  is  significantly  updated.  The  crew  members  were  verv 
much  in  favor  of  including  as  new  hardware  a  navigation  management 
system  that  could  display  at  least  six  upcoming  waypoints  at  a 
time  with  an  almost  infinite  wavpoint  storage  capacity.  Addi¬ 
tional  capabilities  of  the  svstem  included  fuel  management/status 
update  and  display,  automatic  present  position  update  in  relation 
to  flight  plan,  and  the  ability  to  calculate  center  of  gravity  and 
takeoff /i and ing  computations.  During  refueling  operations,  hold¬ 
ing  and  rendezvous  patterns  could  also  be  preprogrammed  into  the 
svstem. 

Another  maior  modification  to  the  cockpit  design  which  was 
iudged  bv  the  crews  to  be  i nd i spens ible  for  mission  accomplishment 
with  a  reduced  crew  size  was  the  horizontal  situation  display. 

This  device,  which  replaced  the  standard  horizontal  situation 
indicator,  not  only  could  display  that,  standard  information,  but 
also  allowed  the  selection  of  a  moving  map  alone  or  with  weather, 
ground  mapping,  or  radar  beacon  overlays.  In  addition,  certain 


other  flight  parameters  such  as  qlide  slope,  groundspeed ,  course, 
and  time  and  distance  to  the  next  wavpoint  were  available  on  the 
perimeter  and  at  the  corners  of  the  display  itself. 

Other  changes  to  the  current  KC-135  avionics  lavout  rated 
highly  bv  the  crew  members  were  the  use  of  vertical -scale  engine 
instruments  and  the  inclusion  of  a  caution/warning  annunciator 
panel.  This  panel  consolidated  all  caution  and  warning  indicator 
into  one  area  of  the  front  instrument  panel  directly  in  view  of 
the  pilot  and  copilot.  The  panel  area  was  made  available  through 
the  use  of  the  vertical-scale  instruments. 

It  should  be  noted  that  although  the  crew  station  reconfigura 
tions  presented  in  this  report  were  analyzed  in  the  context  of  a 
reduced  crew  complement  (i.e.,  without  a  navigator),  many  of  the 
findings  about  enhanced  ability  to  accomplish  the  mission  while, 
at  the  same  time,  reducing  crew  workload  are  applicable  even  with 
out  eliminating  the  navigator  crew  position.  Given  the  rapidly 
increasing  amount  of  information  that  must  be  assimilated  by  the 
pilot  and  copilot  in  a  potentially  expanding  hostile  environment, 
it  becomes  imperative  that  advanced  technology  in  the  form  of 
multipurpose  displays  and  computers  be  incorporated  in  crew  sys¬ 
tems  designs  to  perform  some  of  the  paperwork/naviqation  computa¬ 
tions  which  presently  consume  a  significant  amount  of  time  and 
substantially  contribute  to  aircrew  workload. 

Based  on  the  results  of  this  study,  it  can  be  stated  that 
accomplishment  of  the  aerial  refueling  mission  is  feasible  with  a 
two  pilot,  one  boom  operator  flight  crew  bv  reallocating  crew 
tasks  and  bv  utilizing  1980  state-of-the-art  crew  systems,  includ 
ing  a  navigation  management  system,  electronic  horizontal  situa¬ 
tion/multipurpose  displa"s,  and  generally  upgraded  avionics 
svstems . 


TANKER  AVIONICS/AIRCREW  COMPLEMENT  EVALUATION 
MOCKUP  EVALUATION  PHASE 
VOLUME  III:  MISSION  SCENARIO 

\ 

-< 

This  volume  contains. 1)  a  *r ibbon-in-the-skv*  depiction  of  the 
mission  scenario  used  during  the  mockup  exercise, (2)  a  narrative 
overview  of  each  mission  leg,  3)  a  mission  profile  graph  depicting 
climbs  and  descents  during  the  different  mission  segments,  and  '4) 
the  mission  scenario  for  each  .leg  which  outlines  the  specific 
tasks  to  be  accomplished  by  the  pilot,  copilot,  and  boom  operator 
during  the  mockup  *flying*  session. 
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boom  operator  to  attempt 


07:01  1641  Monitors  position,  airspeed,  Acknowledges  flight  ready  Checks  in  with  HS  6  for  radio 


10  WEST)  pletes  weather  vectors  receiver  is  taking  fuel.  firms  fuel  flow  to  receiver. 


07:05  1645  report  of  10  west  to 


IFF  ident.  Acknowledges  acknowledges  receiver  contact 


07:30  1710  Monitors  aircraft  control  and  Calls  London  Control  with  Reports  EAR  to  pilot. 


display.  Checks  position  on  map  display.  Updates  fuel  log  and  JN  chart 


II 


of  service.  Calls  departing 


08:05  1745  Monitors  descent  and  map  Enters  IAF  holding  pattern  Monitors  outside  watch. 

display  position.  Monitors  guidance  into  nav  management  Advises  pilot  of  visual 


IFF  change.  Verifies  TACAN 


08:12  1752  Acknowledges  approach  clear-  Acknowledges  clearance  for  Monitors  approach, 

ance.  Calls  departing  IAF  and  approach.  Calls  departing  IAF 


08:20  1800  airspeed.  Requests  copilot  to  nav  management  system  for  proper 
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list.  Checks  stabilizer,  aileron  Checks  electrical  panel.  Checks 
and  rudder  trim  set  for  takeoff,  stabilizer,  aileron  and  rudder 
Checks  speed  brakes  set  to  0°.  trim  Set  For  Takeoff.  Sets  flaps 


Observes  Filip  61  starting  and  boomer  of  water  flow.  Guards 
a  rolling  takeoff.  Starts  throttles  and  makes  final  power 
aircraft  hack  clock.  Sets  adjustments. 


>> 

(V 


JD 

<T3 


O 


turn  on  radar  display.  Confirms  passage  and  change  of  course  back  in  on  interphone.  Receives 

with  copilot.  Observes  course  on  nav  management  system.  paperwork  back  from  copilot, 

change  on  nav  management  system.  Slews  heading  bug.  Plots 


Informs  boom  operator  of 


02:53  0043  that  fire  is  uncontrollable  emergency  airfields  in  the  area. 


copilot  to  take  over  naviga-  system.  Checks  groundspeed  for  search  and  rescue  purposes. 


be  provided  each  10  NM  from 


03:19  0109  Observes  aircraft  beacons  at  Observes  aircraft  beacons. 


thunderstorms. 


I 


03:31  0121  Informs  Bozo  21  that  his  Determines  orbiting  procedure  Updates  fuel  log  and  gives 


tion  For  Contact  checklist  complete. 


03:40  0130  Maintains  heading,  airspeed.  Turns  air  refueling  pumps  ON  Calls  contact.  Acknowledges 


03:44  0134  Acknowledges  Bozo  21 ' s  request 


Observes  Bozo  24  in  pre¬ 


boomer  to  give  Bozo  24  a 


codes  HF  message.  Makes  entry 


ELAPSED 

TIME  GMT  PILOT  COPILOT  BOOM  OPERATOR 

HR:MIN  _ _ _ _ _ _ _ _ 


04:15  0205  Turns  to  set  course  directly  Obtains  ETA  from  nav  management  Enters  cockpit.  Dons  headset. 


04:21  0211  Briefs  plan  to  arrive  over  Bodo  Acknowledges  approach  briefing.  Acknowledges  approach  briefing. 

at  flight  level  290.  Approximate  Calls  "Descent  check  complete 

a  H1-TACAN  approach  using  INS  wi th  altimeters  and  altitude 


:empts  contact  with  Bodo  tower. 


04:25  0215  Flies  the  aircraft.  Directs  Computes  time  for  instrument 


04:29  0219  Takes  radar  fix  and  updates  Updates  JN  chart. 


04:31  0221  Observes  Island  passing  Confirms  passing  Island  coast-  Informs  pilot  that  all  tanks 


to  Bodo.  Confirms  with  boomer  sumption  and  confirms  14  minutes 


Checks  window  heat,  anti-ice 


04:48  0238  Directs  max  braking  by  Applies  max  brakes.  Slows  Reads  After  Landing  check- 


BODO  CONTINGENCY  MISSION 


00:00  0655  Requests  Before  Takeoff  Reads  checklist.  Monitors  HF 


trol  with  nosewheel  steering  Checks  flight  instruments.  engine  instruments.  Monitors 


00:05  0700  then  rudders.  Checks  air-  Calls  SI  speed.  Calls  rota-  aircraft  subsystems  indica¬ 


tor  After  Takeoff-Climb 


cations  radiosexcept  HF.  Installs 


#2.  Turns 


00:44  0739  aircraft  to  Intercept  150 


ment 


the  boom  operator's  backup 


01:05  0800  operator  to  be  prepared  to 


the  downwind  side  of  the 


01:20  0815  anchor,  GCI  should  be  con- 


tions  radios.  mapping  radar  and  observes 


01:35  0830  island  landmass  in  ten  o'clock 


01:37  0832  Monitors  flight  instruments. 


chart  from  Gotland  Island 
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01:51  0846  Rolls  out  on  downwind  Notifies  GCI,  TACO  33  and  Calls  tally-ho  on  receivers. 


fuel.  Coordinates  with  tanker. 


02:04  0859  Clears  Vixon  flight  from  Coordinates  line  up  with  boom  Clears  last  Vixon  chic  from 


is  throttled  back  to  max 


tern.  Acknowledges  status  is  disabled  from  an  aerial 


02:31  0926  crew  chief  to  inspect  the  and  autopilot. 


that  no  visible  damage  Requests  pilot,  connect  and 


a: 

o 


02:34  0929  at  FL140.  Receives  informa- 


southwest  bound  until  over 


Directs  copilot  to  try  one  Observes  crew  chief  enter 


02:46  0941  generators.  Confirms  to  pilot  that  all 


KIAS.  Observes  solid  cloud  plots  estimated  position  on 


03:47  1042  Observes  altimeter  passing  Crosschecks  flight  instruments. 


Updates  nav chart  with  assumed 


The  pilot  will  monitor 
inside  the  cockpit  indicators. 


o 

LU  Z 

Q.ZZ 

-jhq: 
lu  x 


1202  Feels  main  gear  touch  run- 


150 


